By employing a novel semi-parametric extrapolation method, the life expectancies after the first hospitalization for schizophrenia and the associated lifetime healthcare expenditures were both estimated. Based on the linkage between the National Health Insurance Research Database and the National Mortality Registry of Taiwan, we have established a schizophrenic cohort for 2000-2010 and followed up to 2011. Survival function was estimated through Kaplan-Meier's method and extrapolated throughout life. We applied a simple linear regression to the logit-transformed survival ratio between the schizophrenic cohort and the sex-, age-matched referents via Monte Carlo simulation from the national life table. The monthly survival probability was multiplied by the average healthcare expenditures and summed throughout life to estimate the lifelong cost reimbursed by the National Health Insurance. The results showed that patients diagnosed at age 20-29 had the highest expected years of life lost (EYLL), 15 and 9 years, in men and women, respectively, with corresponding lifetime healthcare expenditures of USD 48,000 and 53,000. Males generally had higher health cost per life-year than their female counterparts across their lifespan. We applied the same method to the first 6 years of the cohort and extrapolated to 12 years, which showed that the relative biases for different age strata were less than 5%. We thus concluded that the semi-parametric extrapolation method might provide a timely estimation of lifetime outcomes for health care planning of schizophrenia.
Introduction
Schizophrenia is, in many cases, chronic and disabling. Accelerating and validating the estimation of lifetime outcomes becomes timely to prioritize individual and national health actions. The shortened life expectancy (LE), also called the expected years of life lost (EYLL), of schizophrenia ranges from 7.8 to 22.5 years (Hannerz et al., 2001; Kodesh et al., 2012; Laursen, 2011; Lawrence et al., 2013; Nielsen et al., 2013; Nordentoft et al., 2013; Tiihonen et al., 2009 ) when compared with the general population. Most of the above studies applied life table methods on national prevalence data for years. However, life table methods usually require large, longitudinal follow-up cohorts to reflect a low incidence and chronic course of schizophrenia. Moreover, long-term outcomes estimated from incidence or treatment-/policynaïve patients would be more accurate for showing trends and social impacts in comparison with those based on prevalent cohorts.
Costs of schizophrenia are important for healthcare resources allocation. Despite few reports on the lifetime costs of schizophrenia, prevalence-based estimates are relatively popular. The yearly costs of psychotic disorders, mostly schizophrenia, ranked the third among 19 brain disorders in 30 European countries in 2010 (Olesen et al., 2012) . Langley-Hawthorne (1997) calculated LE and lifetime costs of schizophrenia by utilizing Markov models with various transitional probabilities and related costs extracted from the literature. She projected a mean LE of 31 years and approximate lifetime cost of one million dollars (36% direct costs) per patient with schizophrenia in 1995 in Australia (Langley-Hawthorne, 1997) . However, these estimates of lifetime costs are still waiting for corroboration.
We have developed a semi-parametric method to estimate a lifelong survival function (Hwang and Wang, 1999) , which can be multiplied with the average monthly cost of treating patients with schizophrenia to obtain lifetime costs. The method was mathematically verified to be valid, if constant excess hazard can be assumed (Fang et al., 2007) , Schizophrenia Research 171 (2016) [97] [98] [99] [100] [101] [102] and was empirically demonstrated to estimate life expectancy (LE), and by extension expected years of life lost (EYLL) on cancer cohorts with high censored rates (Andersson et al., 2013; Liu et al., 2013) . Recently, it was also applied on cohorts of heroin users with relative accuracy (Chang et al., 2015) . This study aims to estimate the LE, EYLL, lifetime healthcare expenditures, and cost-per-life year for a cohort of incident cases of schizophrenia followed for 12 years in Taiwan.
Materials and methods

Schizophrenia cohort
The National Health Insurance (NHI) in Taiwan was implemented in 1995; and since 2004, more than 99% of Taiwan citizens have been covered (National Health Insurance, 2005) . The catastrophic illness system of the NHI features an up-to-date list of severe illnesses, including schizophrenia, and the system waives the co-payment for the treatment of the listed diseases. Schizophrenia healthcare that follows the formal guidelines in Taiwan is freely accessible to registered patients diagnosed and validated with code 295 based on ICD-9-CM by at least two boardcertified psychiatrists. We identified a total of 58,665 patients with schizophrenia first registered with the NHI as catastrophic illness over the period of 2000-2010. Among them, 38,429 patients were hospitalized for schizophrenia for the first time. In the final analysis, only 34,658 within the age range of 20-64 when registered were included to determine if the assumption of constant excess hazard could be fulfilled among various age groups. The enrollees were either censored at death or at the end of 2011. Their survival status was verified by linkage with the national mortality registry. The health care expenditures, including the inpatient and outpatient expenditures attributed to schizophrenia and related comorbidities, were retrieved from the NHI database. Age-and gender-stratified annual incidence rates were calculated by dividing the number of new cases during the 11-year period with the total sum of the mid-year population of individual age-and gender-specific strata.
Extrapolation of long-term survival for the schizophrenic cohort
We applied Kaplan-Meier's method to estimate the time-to-mortality of the schizophrenic cohort stratified by gender and age. Lifetime survival function was estimated by a semi-parametric extrapolation method developed by Hwang and Wang (Hwang et al., 1996; Hwang and Wang, 1999; Hwang and Wang, 2004) and later mathematically validated by Fang et al. (2007) . The method is briefly summarized as follows: first, hypothetical age-and gender-specific referents for each patient with schizophrenia were simulated by the Monte Carlo method conditioned on the hazard function of the life table in a given year in Taiwan. Second, the survival ratio between schizophrenic patients and referents at time t was calculated, and assumed to be one initially and gradually converge to a constant, representing the excess hazard of the premature mortality accompanying schizophrenia. Third, the survival ratio was then logit-transformed so that a simple linear regression could be applied to approximate the temporal trend of the stabilized period until the end of 2011. Accordingly, the slope of the regression line was used to extrapolate the lifetime survival of schizophrenia patients after the follow-up limit, allowing the life expectancy (LE) of an age-, gender-specific cohort to be estimated by summing up the area under the curve of the survival function throughout the patient's life. The bootstrap method of repeated sampling for 100 iterations was used to compute the mean standard error. Fig. 1(a) illustrates the slope of constant excess hazard for extrapolation (a) in male patients with schizophrenia, aged 20-29. Shaded area of the projected survival curve indicates the EYLL of 20-29 male patients ( Fig. 1(b) ). A software package developed by Hwang's team was used for the computation, and can be freely downloaded: Integration of Survival with Quality of Life. http://www. stat.sinica.edu.tw/isqol/ (updated on Feb. 12, 2014).
Estimation of expected years of life lost and lifetime healthcare expenditures for schizophrenia
We estimated two lifetime outcomes to assess the impact of schizophrenia. First, the expected years of life lost (EYLL) was the difference in LE between the schizophrenic cohort and the age-and gender-matched hypothetical referents, as described above. The second indicator was the average lifetime healthcare expenditure per person, for which the reimbursement data of the National Health Insurance from 2000 to 2010 included all medical expenses attributed to schizophrenia. We stratified the cohort by 10-year age and gender specific strata, and then calculated the average monthly cost by dividing the total healthcare expenditures of all survived patients with the number of survived patients at that month, of which the expenditure was first adjusted to the nominal exchange rate of 1USD = 29.322 New Taiwan Dollars (NTD) on December 31, 2010. Then, we multiplied the average monthly expenditure by the corresponding survival probability and summed up over a lifetime to obtain lifelong cost. The extrapolated costs were adjusted with an annual discount rate of 3%. We also obtained the cost per life year by dividing the lifetime expenditure with the discounted LE, 3% per year, for consistency. To be more comparable internationally, the cost per life-year was adjusted according to the purchasing power parities (PPP) implied exchange rate: 1USD = 16.83 NTD, (International Monetary Fund. http://www.imf.org) in 2010.
Validation of the extrapolation method
We validated our extrapolation method as follows: The first 6-year follow-up data (registered during [2000] [2001] [2002] [2003] [2004] [2005] was extrapolated for 6 years to estimate the 12-year LE, which were compared with the Kaplan-Meier estimate based on the actual 12-year follow-up to the end of 2011. Namely, out-of-sample predictive validity tests were based on comparing predictions for the remaining 6 years of data withheld from the model-building exercise with the actual observed data. In addition, every graph of logit transformed survival ratio was plotted and examined if the assumption of constant excess hazard was fulfilled near the end of 12-year follow-up.
Results
The 34,658 patients with schizophrenia were stratified by gender and age. The total number of subjects, mean of diagnosis age, and annual incidence rate of each age-and gender-specific group are summarized in Table 1 . Males first registering their schizophrenia as a catastrophic illness peaked at a younger age than for females.
Estimation of life expectancy (LE) and expected years of life lost (EYLL)
Stratified by age and gender, Table 2 summarizes the LE, EYLL, lifetime healthcare costs, and cost per life year. On average, males with schizophrenia had higher EYLL's than did females, except for the 40-59 age group. Males aged 20-29 had the highest EYLL, 15.17 years, and dropped to approximately 6-7 years if onset at the age of 30-59. Female patients aged 20-29 had the first EYLL peak of 9.2 years, while the second EYLL peak of 7-8 years occurred for the 40-59 year-old females. Table 2 illustrates the estimated life time healthcare expenditures with 3% discount (USD), and PPP-adjusted cost per life year with 3% discount on both costs. The highest lifetime expenditures were $48,244 ± 3079 for males aged 20-29; this figure descended to a plateau of approximately $43,000-$44,000 before age 50, and then gradually decreased as the registering age increased. Despite the similar LE of 35 years for both the 20-29 and 30-39 male groups, the younger group cost $5039 more in lifetime health expenditures than did the 30-39 group. This might imply a difference in the illness severity in the younger onset groups despite a similar chronicity. By contrast, female patients with schizophrenia who registered at 20-39 had longer life expectancies and higher overall lifetime expenditures than their male counterparts. Females who registered at the age of 20-29 had the highest lifetime costs, $53,411 ± 2905, among all gender and age groups. After age 40, their lifetime expenditures were similar to those of the same age male groups and also decreased according to age. Furthermore, health expenditure per life year ranged from USD$3600 to $5550 (PPP-adjusted). Moreover, healthcare expenditures per person year generally increased as the subjects aged. Table 3 indicates the differences between the semi-parametric extrapolation of 6 years based on the first 6 years and the observed 12-year LE. The relative biases were less than 5% in all gender-age groups, with the exception of males aged 60-64, who had a 5.81% relative bias, an absolute difference of 0.5 year, and the lowest censored rate (86.12%). Notably, as the sample size decreased, the relative bias seemed less stable. Fig. 2 illustrates the constant excess hazard of each stratified age and gender stratum. The assumption of constant excess hazard appears to be satisfied among the patients aged 20-64 because the logit transformation of the survival ratio between patients with schizophrenia and the age-and gender-matched referents shows a linear trend and estimable slope approximately 1-2 years after diagnosis.
Lifetime healthcare expenditures and cost per life year
Validation of the semi-parametric method
Discussion
This study reveals that onset of schizophrenia appears to be associated with substantial EYLL, ranging from 6 to 15 years, while associated lifetime healthcare expenditures range from USD 38,000 to 53,000 per person (Table 2) . Both estimates depend heavily on accurate estimation of the lifetime survival function of the schizophrenic cohort. Thus, we Fig. 2 . The survival rate ratio W(t) between the patients with schizophrenia and that of the age-and gender-matched referents was transformed into logit (W(t) / (1 − W(t))), which is plotted against time after diagnosis. It converges to a straight line for all the 10 different age and gender strata after the initial period of 1-2 years, indicating constant excess hazard exists and the assumption is fulfilled. The two dotted lines mark the time period when the slope of logit of survival ratio was used for extrapolation.
should first verify the estimation validity of our lifelong survival function before making any further inferences. Onset of schizophrenia cascades a series of acute and chronic physical and psychosocial difficulties. As the course stabilizes, evaluation of long-term outcomes might require extrapolation beyond the limited follow-up time. To consider both the excess hazard associated with schizophrenia and the background hazard of the general population, we graphed the logittransformed relative survival and fit a regression line along the temporally-stabilized period near the end of 12-year of follow-up for extrapolation (Figs. 1(a) and 2) . The relative bias estimated by our semi-parametric extrapolation seems robust when compared with the Kaplan-Meier estimates after 12 years of real follow-up (Table 3) . To control the cohort effect due to competing risks of mortality or longterm side effects of medication, we used incidence cases and stratified them by age and gender. Our analysis shows that cohorts of schizophrenia generally fulfill the assumption of constant excess hazard, namely, there is an estimable slope of logit of survival ratio (W(t)) after the first several years, which have lasted up to 12 years ( Figs. 1(a) and 2). Since we have stratified our cohorts into every 10-year age period, we would expect that such a constant excess mortality would lead to the next 10-year age periods and our extrapolation would most likely be valid. Accordingly, the estimated lifetime health expenditures paid by the NHI of Taiwan would also be relatively accurate.
The sex ratio and incidence rates of schizophrenia in Taiwan (Table 1 ) seem similar to those reported from other countries (McGrath et al., 2004) . The EYLL were found to be 15.17 and 9.22 years for male and female, respectively, for schizophrenia aged 20-29 (Table 2 ). As our cohort did not include schizophrenia diagnosed below age 20, who are expected to have an even higher EYLL, we believed that the overall estimates would be similar to those reported by several western countries, for example, 14.6 in southeast London (Chang et al., 2011), 15.3-20 .1 in Denmark (Laursen, 2011; Nielsen et al., 2013; Nordentoft et al., 2013 ), 12.8-22.5 in Finland (Nordentoft et al., 2013 Tiihonen et al., 2009; Westman et al., 2012) , and 16.4 in Western Australia (Lawrence et al., 2013) . The EYLL for age over 30 appear to be more stabilized and smaller than that of the younger age group, which corroborates a previous study (Chen et al., 1996) . Because Taiwan is a small island with 36,000 km 2 and has implemented a universal coverage healthcare system since 1995, residents can generally access healthcare services within two hours of transportation. The above unique condition may have lowered down mortality of acute care (Wen et al., 2008) , including suicide or infections (Nordentoft et al., 2013) , and possibly schizophrenia related illnesses (Laursen, 2011; Nielsen et al., 2013) . Nevertheless, future studies of stratifying different causes of mortality are warranted to corroborate the above hypothesis. Patients with schizophrenia onset before age 50, had relatively high lifetime healthcare costs, ranging from USD 43,000 to 49,000 per person ( Table 2 ). The lifetime costs would be underestimated for some patients, however, because the NHI restricted the hospitalized patients to no more than 6 months and some patients would be transferred to nursing homes and switch to the use of social welfare resources for a short period of time. The reimbursement from most psychiatric nursing homes was from the Department of Social Affairs, Ministry of the Interior before 2012, and is not included in the present study. But the reimbursement of medication is still paid by the NHI. Furthermore, divided by discounted LE, healthcare costs per life year ranged from USD 3600 to 5500 (PPP-adjusted), while the corresponding costs ranged from €5102-7068 (€PPP, 2010) in France, Germany, Spain, and the UK (Gustavsson et al., 2011) . Adjusting for PPP decreased the disparity. In addition to yearly estimation, our approximated lifelong costs could bolster a comprehensive long-term care or budget plans.
This study has at least the following limitations. First, the registered age, however, is used as a proxy of the onset for all patients, which would result in underestimation of EYLL because of possible registry delays. Since all registered patients with schizophrenia are waived from all copayments, the financial incentive generally reduces such a potential bias to a minimum. Second, we have not systematically collected any data related to out-of-pocket costs (Lee et al., 2008) . As patients with schizophrenia usually receive numerous alternative and complimentary treatments in traditional Taiwanese culture, such a discrepancy should not be ignored and future studies must include this portion when tallying social costs.
In conclusion, we have successfully applied a novel semi-parametric extrapolation to estimate gender-and age-specific LE, EYLL, and the lifetime healthcare expenditures for schizophrenia in Taiwan. The strategy of this method is based on follow-up for more than 10-12 years and stratification of a cohort into every 10-year age strata to examine if constant excess mortality exists in each age strata. And it could also be applied in other serious mental illnesses leading to premature mortality, e.g., bipolar disorder and/or major depression. Schizophrenia first diagnosed at age 20-29 had the highest EYLL, 15 and 9 years, as well as the largest lifetime healthcare expenditures, USD 48,000 and 53,000, in men and women, respectively. Future studies are indicated for longer followup terms and data collection of out-of-pocket money to determine the entire burden to society.
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